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Amendments to the Drawing s; 

The attached sheet of drawings includes a change to Figure 1, read as 
"Figure lA" and Figure IB is a new figure. Thiese sheets, which includes Figs. lA and 
IB, replaces the original sheet of Fig. 1. 
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International Application No.: PCT/EP2004/002961 
International Filing Date: March 20, 2004 
Preliminary Amendment Accompanying 
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REMARKS 

Drawings - Figure 1 has been amended to read as "Figure lA" and Figure 
IB has been added and are presented herewith for approval. 

The substitute specification enclosed herein contains no new matter. 

The Director is authorized to charge any additional fees due by way of this 
Amendment, or credit any overpayment, to our Deposit Accoxmt No. 19-1090. 

All of the claims remaining in the application are now clearly allowable. 
Favorable consideration and a Notice of Allowance are earnestly solicited. 
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SEED Intellectual Property Law Group pllc 
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Registration No. 31,153 
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FLOW CHANNEL FOR LIQUIDS 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The invention concerns a flow channel for liquids. 

Descilption of the Related Art 

As is known liquids or also gases are passed through flow channels 
of the most widely varying configurations in the most widely different areas of life. 

10 The purpose in that respect is frequently to transport substances and/or energy. 
Examples of flow channels for liquids are pipes for example in domestic 
technology or process or energy technology or flow channels in fluid flow machines 
such as for example water turbines or sewage treatment plants. In the biological 
field flow channels are embodied for example in the form of veins for transporting 

15 blood. 

As state of the art attention is directed at this juncture generally to the 
following publications: DE 198 06 513; WO 01/18406 A1; WO 00/38591 A2; US No 
2 935 906 and US No 1 958 577. 

A decisive characteristic parameter of flows through flow channels Is 
20 the flow resistance which is governed substantially by friction and changes in 
direction and which is frequently expressed in the form of standard i sod 
standardized characteristic values such as the drag resistance coefficient. Taking 
account of the flow resistance is of central importance in terms of designing flow 
channels such as pipelines and the dimensioning of pumps or other pressure- 
25 generating units. 

It will be appreciated that the flow resistance and the frictional losses 
which occur in respect of the flow must be m i n i m i sed minimized as much as 
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possible so that for example the amount of energy required for pumping and thus 
ultimately the energy consumption for an installation can be kept as low as 
possible. That is to be taken into consideration in the design of flow channels. 



BRIEF SUMMARY OF THE INVENTION 
5 Tho objoct of According principles of t he present invention fs-ta 

provide a flow channel is provided for liquids or also gases, which is of such a 
design that th e l ow e st posGib l o low losses occur in the flow, in particular low 
frictional losses. A further aim of the invention is to provide a flow channel for 
liquids, in which different flow regions are set. 
10 The invention attains that object in a flow channel of the kind set forth 

in tho opening part of t his specification in that at least one wall defining the flow 
channel is of such a configuration that when a liquid flows therethrough at least 
one flow region is produced which has an axial and simultaneous tangential flow 
component. 

1 5 Surprisingly it was found in tests that, by means of a flow channel 

according to the invention, on the basis of the wall configuration thereof, a flow 
with an axial and tangential flow component is produced at least in portion-wise 
manner, whereby the flow resistance is significantly reduced in comparison with 
conventional flow channels. That reduction in the flow resistance advantageously 

20 provides that the energy losses in the flow, the pressure losses and the resistance 
coefficient are reduced. Therefore a lower pump output is required to produce a 
given volume flow or mass flow of a liquid, than in the case of conventional flow 
channels. In that way for example in the case of pipelines the pump output to be 
applied can be markedly reduced. In the case also of fluid flow machines, 

25 hydraulic power stations or the like however the flow losses can also be reduced In 
accordance with the invention and thus the levels of efficiency can be increased. 

Preferably a circulating spiral flow is produced in region-wise manner 
or completely. Experimental investigations have shown that lower flow resistances 



2 



and thus flow losses occur by virtue of a wall configuration which causes a kind of 
circulating spiral flow through the flow channel. 

In accordance with a particularly preferred embodiment it is proposed 
that the length of a tube portion which is completely wound once in itself 
5 (wavelength) is in a given ratio to the length of the smallest bisector of the cross- 
sectional area of the flow channel, which is in the feeieiv range of 6 to 7, 
particularly preferably in tho rogion of about 6.44, Due to the non-cylindrical 
configuration of the flow cross-section and twisting or winding in the axial direction, 
it is possible to produce an at least partially spiral-like flow with axial and tangential 

10 flow components with a low level of flow resistance in a structurally simple manner. 

It has been found on the basis of tests that, with the above-specified 
ratio between wavelength and extent of the cross-sectional area, particulariy low 
resistance coefficients can be achieved. An embodiment which is particularly 
preferred from the structural point of view and in terms of flow technology is 

1 5 distinguished in that the wall delimiting the flow channel is so shaped that the free 
flow cross-section of the flow tube Is substantially oval. Such an oval configuration 
with at the same time twisting in itself of the flow cross-section can be particulariy 
well implemented in a flow tube. 

In a development it is proposed that the ratio of the length of the 

20 longer axis of the oval flow cross-section to the length of the shorter axis of the 
flow cross-section is mari^edly greater than 1 , preferably greater than or about V2. 
In that way too the resistance coefficients of the flow channel can b o m i n i misod 
minimized . 

In a further preferred embodiment it is proposed that the flow cross- 
25 section decreases or enlarges in the flow direction. In that way, while retaining the 
advantages according to the invention, it is possible to increase or reduce 
respectively the flow conditions and in particular the flow speed. 

The invention further attains its object or is further developed by a 
flow channel for liquids, which is so designed that within the channel when a liquid 
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flows therethrough substantially two flow regions are produced, which do not or 
which scarcely interpenetrate and which are wrapped around in the nature of a 
double helix. 

By virtue of such a configuration of the flow channel and a flow with 
5 substantially two flow regions, it is also possible to achieve low levels of flow 
resistance so that ultimately pump outputs are reduced and the levels of efficiency 
of fluid flow machines are improved. In addition different phases of a flow, for 
example different liquids, can be passed in partially separated relationship through 
a flow channel or divide into at least partially different phases even when flowing 

1 0 through the flow channel. Such a separation can occur for example by different 
constituents of a liquid with different material properties such as densities or 
viscosities preferably moving in given regions of the flow cross-section so that 
separation of a mixture into its constituent parts can occur. 

A further development of the flow channel according to the invention 

1 5 provides that within each flow region there are produced further sub-flow regions 
which in turn are again intertwined with each other. In that way the flow conditions 
can be further improved and possibly the above-described separation effects can 
be enhanced. 

In accordance with a further advantageous configuration it is 
20 proposed that the two core flow channels are of a substantially round configuration 
and form a main fluid flow and that produced in the region of the flow tube which is 
not occupied by the main flow cores are one or more secondary flows, wherein no 
or preferably only a slight fluid exchange takes place between a main flow and a 
secondary flow area and foreign bodies in the entire fluid flow are preferably 
25 transported in the secondary flow area. In that way also solid and liquid or 
different liquid phases of the flow can be formed. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGrS) 

The invention is described hereinafter by means of embodiments by 

way of example with reference to the accompanying drawings in which: 

Figure 1 A is a diagrammatic view of a flow channel provided in a flow 

5 tube. 

Figure 1B is an alternate diagrammatic view showing the 360'' twist. 
Figures 2a - f show different examples of flow channels according to 

the invention, 

Figure 3 shows measurement results of tests with flow channels 
1 0 according to the invention, 

Figure 4 shows a flow with different flow regions, which is 
diagrammatically illustrated in a flow channel according to the invention, and 

Figure 5 is a diagrammatic cross-sectional view of the flow shown in 

Figure 4. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 A is a side view of an embodiment of a flow tube 2 in which a 
flow channel 4 according to the invention is provided. Fluids, that is to say liquids 
or gases, can flow through the tube 2 or the flow channel 4. This can also involve 
multi-phase flows with different liquid components and with solid bodies such as 
20 particles or the like. In addition for example a three-phase flow with liquid, 

gaseous and solid components can also flow through the flow channel 4. The tube 
2 can be made of plastic material or metal. 

The tube 2 is preferably of such a configuration that the flow cross- 
section is substantially oval, as is shown in the diagrammatic views of Figure 2a) 
25 and 2b). As Figure 1 A diagrammatically shows, the tube 2 is wound or twisted in 
itself in the axial direction, that is to say in the direction of the longitudinal axis 3. 

In the portion of the tube 2 shown in Figure 1 A, the extent of the twist 
is illustrated by the line 5 which, over the illustrated length of the tube portion, 

5 
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performs a complete revolution through 360 degrees; that length of a single 
complete twist is also referred to herein as the wavelength^A. 

A further view of the twists in tube 2 is shown in Figure 1b. which 
illustrates the wavelenath A as the tube twists 360'' and continues to twist. In the 
5 side view of Figure 1 A, tube portions of greater width and smaller width are 

afforded by virtue of the oval cross-section (Figures 2a and 2b) and the twist. The 
lengths of the shorter and longer axes of the substantially oval flow cross-section 
are entered in Figures 2a and 2b. By means of experimental investigations it was 
found out that the ratio of the length of the longer axis a to the shorter axis b 

1 0 should preferably be greater than or equal to V2. The configuration of the wall of 
the tube 2 shown in Figure 2a Is curved somewhat less in comparison with the 
configuration of the walls of the embodiment shown in Figure 2b. 

When a liquid flows through the flow channel 4 according to the 
invention, a flow is produced in the flow channel 4, which not only has a flow 

15 component in the axial direction, that is to say in the direction of the axis 3, but 
also a flow component in a tangential direction with respect to the axis 3. That 
arises out of the twisted configuration of the flow channel 4 or the tube 2. That is 
diagrammatically illustrated in Figures 1 and 2a by arrows 7. Accordingly that 
produces in the flow channel 4 substantially a circulating, spiral-shaped flow 

20 through the tube 2. 

The alternative flow cross-sections shown in Figures 2c - f equally 
result in a flow according to the invention with an axial flow component and a 
tangential flow component and accordingly a kind of spiral flow in the flow channel 
4. Figure 2c shows a rectangular flow cross-section, Figure 2d shows a square 

25 flow cross-section, Figure 2e shows a triangular flow cross-section and Figure 2f 
shows an octagonal flow cross-section. A hexagonal configuration for the flow 
cross-section or a corresponding flow tube 2 is also possible in accordance with 
the invention. These embodiments by way of example are also preferably of such 
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a configuration that the flow cross-section is twisted in itself in the axial direction 
(axis 3). 

The ratio of the wavelength to the length of the smallest bisector of 
the cross-sectional area of the flow cross-section 4 is in a given ratio which is in 
5 the region of 6 to 7. Viewing Figure 2a in which the smallest cross-section is 
denoted with a and the longest with b, the tube undergoes a 360^ twist along its 
length within the distance of 10 times the value of a. In one embodiment, the value 
of A is between 2 and 10, and in a preferred embodiment the value of A is between 
6 and 7, preferably about 6.5. 

1 0 Results of experimental investigations with flow channels according 

to the invention are illustrated in Figure 3. Measurements of the output of a pump 
with conventional cylindrical tubes and with oval tubes twisted in themselves In 
accordance with the invention were taken, using water as the liquid. In the 
illustration the recorded pump output is represented on the vertical Y-axis and the 

1 5 quantitative flow of the water through the respective tubes is shown on the 
horizontal X-axis. The curve 8 shows the recorded pump output for different 
volume flows for conventional cylindrical tubes and the curve 10 shows in 
comparison the pump output for different volume flows for oval tubes according to 
the invention. The cross-sectional areas of the cylindrical and oval tubes 

20 respectively have remained constant. It can be seen that the recorded pump 
output in accordance with curve 10 for tubes according to the invention, with the 
same volume flow, is less than in the case of conventional tubes. 

Figures 4 and 5 show diagrammatic views of further flow channels 
according to the invention and flows which are produced therein in some 

25 embodiments . With a twist in respect of a flow channel in relation to the 

diagrammatically indicated longitudinal axis 3 of a flow channel, when a liquid 
flows therethrough, firstly substantially two larger flow regions 12, 14 are produced, 
which in the course of the flow are wrapped around in the manner of a double 
helix. The degree of intermingling of the regions 12, 14 is slight. Within each flow 
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region 12, 14, sub-flow regions 16, 18 and 20, 22 respectively are formed, which in 
turn are again wrapped around in the manner of a double helix. Once again in 
those sub-flow regions 16-20, mutually twisted sub-flow regions can in turn be 
formed there. 

5 As the Figures show the two main flow regions or core flow channels 

12, 14 are of a substantially round cross-sectional configuration. Adjacent to the 
core flow channels 12, 14, secondary flows or secondary flow regions 24, 26 can 
be produced, in which possibly certain components, for example solid constituents, 
can collect. Separation of constituent parts of the liquid is possible in that way. 

10 All of the above U.S. patents, U.S. patent application publications. 

U.S. patent applications, foreicn patents, foreion patent applications and non- 
patent publications referred to in this specification and/or listed in the Application 
Data Sheet, are incorporated herein by reference, in their entirety. 

From the foreooinc it will be appreciated that, althouch specific 

15 embodiments of the invention have been described herein for purposes of 
illustration, various modifications mav be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 

20 970054.502USPC / 737354_1 .DOC 



BEST AVAILABLE COPY 



